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Background: Cerebral palsy (CP) is a permanent neurological disorder accompanied by secondary musculoskel-
etal masticatory disorder, with repercussion on chewing and deglutition functions. In these conditions, the liquids 
ingestion is compromised resulting in salivary osmolality alteration. The objective of this study was to compare 
salivary osmolality, caries experience and caries risk between normoreactive individuals and patients with CP.
Material and Methods: The participants were 4-20 years old: 52 patients with CP treated at a reference rehabilita-
tion centre (study group, SG), and 52 normoreactive individuals (control group, CG). Saliva was collected for five 
minutes using cotton rolls. Following centrifugation, salivary osmolality was determined by freezing point de-
pression osmometry. Evaluations included caries experience (DMFT index), and caries risk based on a caries-risk 
assessment tool (CAT). Descriptive and inferential statistics (Chi square and Student t tests) were used to compare 
the groups. Receiver operating characteristic (ROC) analyses were performed and the area under the ROC curve 
(Az) was calculated. The level of significance was set at 5%.  
Results: The groups were homogeneous for sex (p=0.843) and age (p=0.128). In the SG, spastic type CP was the most 
prevalent (80.8%), and patients showed significantly higher salivary osmolality values compared with the CG (p<0.001). 
No significant differences in caries experience (p=0.159) or caries risk (p=0.297) were observed. ROC curve analysis 
determined a salivary osmolality cutoff point of >74 for the SG and >54 for the CG in the presence of dental caries. A 
significant correlation was verified between salivary osmolality and the DMFT index for the SG (p≤0.05). 
Conclusions: Although patients with CP showed higher salivary osmolality values, higher caries experience and 
caries risk were not observed compared with normoreactive individuals.
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Introduction
Cerebral palsy (CP) describes a group of chronic disor-
ders that involve movement and posture development 
often accompanied by epilepsy, secondary musculo-
skeletal problems and disturbances of sensation, per-
ception, cognition, communication and behaviour. It is 
the most common cause of severe physical disability in 
childhood (1), with an estimated prevalence of 2.4 per 
1000 children (2).
Individuals with CP present a high prevalence of dental 
caries (3-7), oral motor dysfunction (8), shorter mastica-
tion endurance time (9), biting reflexes (10), regular use 
of sugary anticonvulsant drugs (11), intellectual disabil-
ity (12) and worse quality of life and continual burden 
on their caregivers (4) that can further influence oral 
hygiene (8). Moreover, a reduction in salivary flow and 
pH, compromise of the buffer capacity (13), changes in 
enzyme activity and sialic acid concentration (14) have 
been reported.
Individuals with CP also show increased salivary os-
molality and total proteins (15) associated with dehy-
dration (16). Decreased levels of hydration can result in 
diminished salivary output, which can compromise the 
protective function exerted by saliva and increase the 
risk of oral diseases (16). It is worth noting that stud-
ies on salivary osmolality, caries experience and caries 
risk in individuals with CP show no comparative results 
with groups of normoreactive individuals (6,15,17).
Given the above, the purpose of this study was to com-
pare salivary osmolality, caries experience and caries 
risk between normoreactive individuals and those with 
CP. The hypothesis tested was that since individuals 
with CP present higher salivary osmolality, they also 
present higher caries experience and caries risk.
Material and Methods
- Participants
The project was approved by the Research Ethics Com-
mittee of the Association for the Care of Disabled Chil-
dren (AACD), under protocol no. 260.255 as registered 
on Plataforma Brasil. The parents or guardians of the 
participants signed a term of free, informed consent au-
thorising their participation in the study.
The study selected 104 individuals between 4 and 20 
years of age, of both sexes, all from the State of São 
Paulo, Brazil. The study group (SG) consisted of 52 
individuals with cerebral palsy (CP) treated at a refer-
ence rehabilitation centre, with periodic returns every 
3-6 months, and the control group (CG) consisted of 
52 normoreactive individuals who also periodically 
received dental care. The control group was composed 
by individuals who sought dental treatment in Pediatric 
Dentistry and Integrated Clinic departments in a pri-
vate University in São Paulo, Brazil. One of the co-au-
thors was responsible to select those individuals during 
data collection, and they should not be taken any kind 
of drugs.
Only individuals with a medical diagnosis of CP were 
included in the SG. The exclusion criteria included in-
dividuals with who had taken drugs that could interfere 
with salivary secretion such as anticholinergics, neuro-
leptics or benzodiazepines, and individuals who pre-
sented diagnoses concomitant with CP. In the present 
study the CP participants were classified according to 
the movement disorder as spastic including the clinical 
parameters tetraparesis (involvement of all four limbs), 
diparesis (the legs are more involvement than arms) and 
hemiparesis (ipsilateral arm and leg);  dyskinetic, and 
mixed type (association between spastic and  dyskine-
tic). This information was assessed by examining pa-
tient medical records. 
- Saliva collection and assessment
The participants were asked not to eat, drink or brush 
their teeth in the 2-h period prior to the collection of 
whole saliva. Saliva was collected using an absorbent 
cotton roll (18) (Salivette®, Sarsted, Numbrecht, Ger-
many) placed on the mouth floor for 5 min. Saliva col-
lection was conducted in a ventilated, well-lit room, 
with the patient sitting in an upright position. The saliva 
samples were frozen at -20°C immediately following 
collection.
After thawing at room temperature for 1 h, the 
Salivette® cotton rolls were centrifuged at 5,000 rpm at 
4°C for 5 min (Hettich, Universal 320R centrifuge, Tut-
tlingen, Germany). Salivary osmolality was measured 
with a freezing point depression osmometer (Model Va-
pro Vapor Pressure Osmometer 5600, New Instrument, 
Washington, DC, USA) (19).
- Caries experience
A single calibrated examiner (weighted Kappa=0.91) 
performed the oral examinations, with the help of an 
assistant to record the data. Before the clinical exami-
nation, professional tooth cleaning was performed on 
each patient. The patient’s teeth were assessed under a 
reflector light using a dental mirror and a probe after 
drying with a 3-in-1 syringe. The World Health Organi-
zation criteria were used to record dental caries experi-
ence using the decay, missing and filled indices, dmft 
and DMFT, for primary and permanent dentition, re-
spectively. In children with mixed dentition, dmft and 
DMFT were recorded together. No radiographic exami-
nation was performed. The caries experience score was 
classified according to severity: very low (0.0 to 1.1), 
low (1.2 to 2.6), moderate (2.7 to 4.4), high (4.5 to 6.5) 
and very high (6.6 and above) (20).
The risk of caries was assessed using the Caries-risk 
Assessment Tool (CAT) (21) recommended by the 
American Academy of Pediatric Dentistry (AAPD). 
The biological and protective factors and clinical fea-
tures of each individual were assessed.
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- Statistical analysis 
The data collected were tabulated and analysed by 
MedCalc for Windows software using descriptive and 
inferential statistics (Chi square and Student t tests) to 
compare the groups.
For both groups, the individuals were separated into no 
caries experience (=0) and caries experience (≥1). Re-
ceiver operating characteristic (ROC) analyses were 
performed and the area under the ROC curve (Az) was 
calculated. The best cutoff point for salivary osmolality 
for each group was determined following the ROC ana-
lyses, considering the sum of specificity and sensitivity.
Spearman’s correlation coefficient was calculated for 
each group, considering the salivary osmolality and 




The 52 participants with CP who composed the SG 
were aged between 4 and 20 years old (10.2 ± 4.7), 23 
(44.2%) were female and 29 (55.8%) were male. The CG 
was composed of 52 normoreactive individuals aged 
between 4 and 20 years old (9.6 ± 4.2), 22 (42.3%) were 
female and 30 (57.7%) were male. The groups were ho-
mogeneous for sex (p=0.843) and age (p=0.128).
Regarding the distribution of movement disorder in the 
SG, 42 (80.8%) were spastic type CP, 7 (13.5%) were 
dyskinetic, and 3 (5.7%) of mixed type. Among those 
with spasticity, 16 (38.1%) had tetraparesis, 17 (40.5%) 
had diparesis and 9 (21.4%) had hemiparesis.
Calculation of the power of the study for the sample was 
99.4%, considering the salivary osmolality values of the 
groups, with alpha=5% (OpenEpi).
The mean and standard deviation of salivary osmolality 
and caries experience (DMFT index) are presented in 
Table 1. The SG presented significantly higher salivary 
osmolality values compared with the CG. No statisti-
cally significant differences in caries experience were 
observed between the groups.
Table 1. Means and standard deviations for salivary osmolality and 
the DMFT index for the groups assessed.
Data were compared by the Student t test; *p≤0.05
SG, study group; CG, control group.
For individuals with caries experience (DMFT ≥1), 25 
(48.1%) were from the SG (3.4 ± 2.8) and 27 (51.9%) 
from the CG (4.8 ± 3.5); no statistically significant dif-
ference was verified between the groups (p=0.264). 
Salivary osmolality values for individuals with caries 
experience (DMFT ≥1) differed significantly between 
the groups (p<0.001), with the SG showing higher val-
ues (77.7 ± 24.3) compared with the CG (68.4 ± 11.6).
Comparison of the results obtained for the severity of 
the DMFT index showed no statistically significant 
difference between the SG and CG (Chi square test, 
p=0.297). Thirty-two (61.6%) participants were clas-
sified as “very low” in the SG and 29 (55.7%) in the 
CG; 11 (21.1%) were classified as “low” in the SG and 8 
(15.4%) in the CG; 3 (5.8%) were classified as “moder-
ate” in the SG and 3 (5.8%) in the CG; none were clas-
sified as “high” in the SG and 4 (7.7%) in the CG; and 6 
(11.5%) were classified as “very high” in the SG and 8 
(15.4%) in the CG.
Regarding caries risk, the SG and CG showed no signif-
icant differences (Chi square test, p=0.467). In the SG, 
45 (86.5%) participants were assessed as at low risk, 4 
(7.7%) at high and 3 (5.8%) at moderate risk of develop-
ing dental caries, while in the CG, 41 (78.8%) partici-
pants were assessed as at low risk, 8 (15.4%) at high and 
3 (5.8%) at moderate risk.
ROC curve analysis for the SG showed a cutoff point 
of >74 for salivary osmolality in the presence of dental 
caries, with an area under the curve of 0.674 (95% con-
fidence interval 0.526-0.822), a sensitivity of 60.0% and 
a specificity of 74.1%. For the CG, ROC curve analy-
sis showed a cutoff point of >54 for salivary osmolal-
ity in the presence of dental caries, with an area under 
the curve of 0.513 (95%CI 0.353-0.674), a sensitivity of 
18.5% and a specificity of 96.0% (Fig. 1).
The Spearman correlation coefficient between salivary 
osmolality and the DMFT index is shown in Table 2. 
Only the SG showed a significant association between 
these variables (p=0.05).
Discussion 
To our knowledge, this is the first study that compares 
salivary osmolality, dental caries experience and caries 
risk in CP and normoreactive individuals. The hypoth-
esis of the study was that individuals with CP would 
present higher caries experience and higher caries risk, 
since the higher salivary osmolality values described 
in the literature are considered to be an additional risk 
factor for oral disease in these individuals (6,15-17). 
However, this hypothesis was not confirmed when the 
results obtained from the CP (SG) and normoreactive 
participants (CG) were compared.
Several studies indicate that individuals with CP have 
increased risk of oral diseases, such as dental caries 
(3-7). However, in this investigation, no difference in 
Variable SG CG p value 
Salivary osmolality             
(mOsml/kg H2O) 
85.2 ± 28.7 65.9 ± 12.4 0.0003* 
DMFT 1.6 ± 2.6 2.5 ± 3.5 0.1750 
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Group rho (95%CI) p value
SG -0.2720 (-0.507 - 0.0011) 0.05*
CG     0.0006 (-0.2720 - 0.2730)  0.9964
Table 2. Spearman correlation coefficient (rho) between salivary 
osmolality and the DMFT index for the groups assessed.
*Statistically correlated variables (p≤0.05)
SG, study group; CG, control group; CI, confidence interval.
Fig. 1. ROC curve analysis for the study (SG) and control groups (CG).
caries experience was verified between the SG and CG. 
This could be explained by the effective control of car-
ies risk factors in individuals with CP, through a process 
that involves growing caregiver knowledge concerning 
oral hygiene habits, the use of open mouth devices to 
facilitate tooth brushing and diet control. The fact that 
the patients were treated in a rehabilitation centre pro-
viding constant preventive care could also be a factor in 
the low DMFT index obtained compared with previous 
studies (4,8). 
In previous studies, higher values for salivary os-
molality have been reported for individuals with CP 
(6,15,16). The results obtained herein showed significant 
greater values for the SG compared with the CG and a 
significant correlation between salivary osmolality and 
caries experience for the SG. Among individuals with 
CP who cannot sustain lip closure, the liquid diet in-
take usually flows out of the mouth, resulting in a lack 
of negative pressure for swallowing, which can cause 
choking. Consequently, for these individuals, water in-
take is generally below required levels, since they tend 
to consume small volumes of liquids (22).  
Higher salivary osmolality values imply greater sali-
vary viscosity due to changes in saliva constitution, 
reducing the potential outflow of saliva (23), together 
with its clearance capacity, which facilitates bacterial 
assemblage in the acquired film and biofilme (24). The 
presence of this chronic saliva status can lead to sali-
vary gland dysfunction (25), which would explain the 
higher salivary osmolality values observed for the SG. 
The cutoff point determined by the ROC curve analysis 
for salivary osmolality of the SG (> 74) was similar to 
previous results published by our group (6). 
For the CG, the lower salivary osmolality values ob-
tained could be related to the presence of competent 
oral motor skills, which means that this group is sub-
ject to known etiological factors for caries, with little 
or no impact due to salivary osmolality. Thus, it can be 
inferred that the salivary osmolality did not represent 
an additional risk factor for hydrated normoreactive in-
dividuals, since dental caries experience were similar 
for both groups. To our knowledge, there is no previ-
ous study in the literature evaluating salivary osmolal-
ity and caries risk in normoreactive individuals. In this 
context, it is necessary future investigations comparing 
normoreactive individuals with different dental caries 
experience and salivary osmolality to determine its in-
fluence on caries risk.
According to the Caries-risk Assessment Tool recog-
nised by the American Academy of Pediatric Dentistry, 
both groups in this study showed low risk for caries (21), 
and low severity for caries experience (20). However, 
it is important to note that these groups differ regard-
ing oral motor behaviour, since neurological injury 
leads to musculoskeletal problems in the mastication 
and swallowing muscles (1), interfering in oral motor 
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skills, in diet consistency and in liquid intake, further 
strengthening the hypothesis that those with neurologi-
cal injuries show different behaviour for oral diseases 
compared with normoreactive individuals. It is impor-
tant for the pediatric dentists to know about this issue 
(26), recognize the signs or symptoms and provide den-
tal treatment to children with neurological damages.
Based on these findings, it seems reasonable to assume 
that a preventive approach is fundamental to control the 
caries experience of individuals with CP. This requires 
greater focus on specific issues, including detailed ad-
vice concerning sealant application, fluoride therapy, 
the use of alcohol-free 0.12% chlorhexidine digluconate 
mouth rinse, tooth brushes adapted to facilitate handling 
by individuals with CP, the use of dental floss devices, 
single-tuft toothbrushes for use on occlusal surfaces, 
and individual mouth opening. It is also important to 
emphasise the need for dental consultations scheduled 
at short intervals to ensure the best professional care, 
including adequate follow-up of erupting teeth on an 
individual basis. 
It is important that when the dentist or dental surgeon 
observe the presence of viscous saliva in children with 
or without CP, that they orient the caregivers, parents 
or guardians to increase the provision of liquid intake, 
preferably water, maintaining the electrolyte balance of 
the saliva so that it can fulfil its protective role in the 
oral cavity. 
Conclusions
Analysis of the results clearly indicates that although 
patients with cerebral palsy show higher salivary osmo-
lality, they do not present higher caries experience or 
higher caries risk than normoreactive individuals. 
References
1. Richards CL, Malouin F. Cerebral palsy: definition, assessment 
and rehabilitation. Handb Clin Neurol. 2013;111:183-95.
2. Hirtz D, Thurman DJ, Gwinn-Hardy K, Mohamed M, Chaudhuri 
AR, Zalutsky R. How common are the “common” neurologic disor-
ders? Neurology. 2007;68:326-37.
3. Cardoso AM, Gomes LN, Silva CR, Soares Rde S, Abreu MH, 
Padilha WW, et al. Dental caries and periodontal disease in Brazil-
ian children and adolescents with cerebral palsy. Int J Environ Res 
Public Health. 2014;12:335-53.
4. Santos MT, Biancardi M, Guare RO, Jardim JR. Caries prevalence 
in patients with cerebral palsy and the burden of caring for them. 
Spec Care Dentist. 2010;30:206-10.
5. Subramaniam P, Babu KL, Rodriguez A. Relation of salivary risk 
factors to dental caries in children with cerebral palsy. J Clin Pediatr 
Dent. 2010;34:355-60.
6. Santos MT, Ferreira MC, Mendes FM, de Oliveira Guaré R. As-
sessing salivar osmolality as a caries risk indicator in cerebral palsy 
children. Int J Paediatr Dent. 2014;24:84-9.
7. Grzić R, Bakarcić D, Prpić I, Jokić NI, Sasso A, Kovac Z, et al. 
Dental health and dental care in children with cerebral palsy. Coll 
Antropol. 2011;35:761-4.
8. Rodrigues dos Santos MT, Bianccardi M, Celiberti P, de Oliveira 
Guaré R. Dental caries in cerebral palsied individuals and their care-
givers’ quality of life. Child Care Health Dev. 2009;35:475-81.
9. Santos MT, Manzano FS, Chamlian TR, Masiero D, Jardim JR. Ef-
fect of spastic cerebral palsy on jaw-closing muscles during clench-
ing. Spec Care Dentist. 2010;30:163-7.
10. Dos Santos MT, Nogueira ML. Infantile reflexes and their effects 
on dental caries and oral hygiene in cerebral palsy individuals. J Oral 
Rehabil. 2005;32:880-5.
11. Siqueira WL, Santos MT, Elangovan S, Simoes A, Nicolau J. The 
influence of valproic acid on salivary pH in children with cerebral 
palsy. Spec Care Dentist. 2007;27:64-6.
12. Moreira RN, Alcântara CE, Mota-Veloso I, Marinho SA, Ramos-
Jorge ML, Oliveira-Ferreira F. Does intellectual disability affect the 
development of dental caries in patients with cerebral palsy? Res Dev 
Disabil. 2012;33:1503-7.
13. Santos MT, Guaré R, Leite M, Ferreira MC, Nicolau J. Does the 
neuromotor abnormality type affect the salivary parameters in indi-
viduals with cerebral palsy? J Oral Pathol Med. 2010;39:770-4.
14. Rodrigues Santos MT, Siqueira WL, Nicolau J. Amylase and per-
oxidase activities and sialic acid concentration in saliva of adoles-
cents with cerebral palsy. Quintessence Int. 2007;38:467-72.
15. Santos MT, Guaré RO, Leite MF, Ferreira MC, Durão MS, Jardim 
JR. Salivary osmolality in individuals with cerebral palsy. Arch Oral 
Biol. 2010;55:855-60.
16. Santos MT, Batista R, Guaré RO, Leite MF, Ferreira MC, Durão 
MS, et al. Salivary osmolality and hydration status in children with 
cerebral palsy. J Oral Pathol Med. 2011;40:582-6.
17. Santos MT, Batista R, Previtali E, Ortega A, Nascimento O, 
Jardim J. Oral motor performance in spastic cerebral palsy individu-
als: are hydration and nutritional status associated? J Oral Pathol 
Med. 2012;41:153-7.
18. Rotteveel LJ, Jongerius PH, van Limbeek J, van den Hoogen FJ. 
Salivation in healthy schoolchildren. Int J Pediatr Otorhinolaryngol. 
2004;68:767-74.
19. Santos MT, Ferreira MC, Guaré RO, Diniz MB, Rösing CK, Ro-
drigues JA, et al. Gingivitis and salivary osmolality in children with 
cerebral palsy. Int J Paediatr Dent. 2016;26:463-470.
20. Cypriano S, de Sousa Mda L, Wada RS. Evaluation of simpli-
fied DMFT indices in epidemiological surveys of dental caries. Rev 
Saude Publica. 2005;39:285-92
21. Frencken JE, de Amorim RG, Faber J, Leal SC. The Caries As-
sessment Spectrum and Treatment (CAST) index: rational and devel-
opment. Int Dent J. 2011;61:117–23.
22. Andrew MJ, Parr JR, Sullivan PB. Feeding difficulties in children 
with cerebral palsy. Arch Dis Child Educ Pract Ed. 2012;97:222-9.
23. Biesbrock AR, Dirksen T, Schuster G. Effects of tung oil on sali-
vary viscosity and extent and incidence of dental caries in rats. Car-
ies Res. 1992;26:117-23.
24. Ryu M, Ueda T, Saito T, Yasui M, Ishihara K, Sakurai K. Oral en-
vironmental factors affecting number of microbes in saliva of com-
plete denture wearers. J Oral Rehabil. 2010;37:194-201.
25. Ship JA, Fischer DJ. The relationship between dehydration and 
parotid salivary gland function in young and older healthy adults. J 
Gerontol A Biol Sci Med Sci. 1997;52:M310-9.
26. Chalmers NI, Scoville R, Richman A, Crall JJ, Aravamudhan K, 
Wai Ng M. Improving Quality in Dentistry: An Imperative for the 
Profession. Pediatr Dent. 2016;38:274-6.
Acknowledgements
This study was supported by the São Paulo Research Foundation 
(FAPESP, process no. 11/12475-8)
Conflict of interest
There are no potential conflicts of interest.
